The equation of Monsi and
where rf is the reflectivity of a fully closed canopy.
It was also confirmed that the coverage (C) canbe used to approximate (1-ƒÑ) . Then, a can be calculated using C: a = C•E(1-rf),
Introduction
Tne proportional relationship between the amount of intercepted solar radiation and the biomass production by a crop canopy has long been known (Shibles and Weber, 1965; Williams et al., 1965; Baker and Meyer, 1966; Monteith, 1977) .
Growth analysis and simulation models using the above relationship were recently proposed (MaacKerron and Waister, 1985; Sinclair, 1986; Russel et al., 1989) . In some studies (e.g., Hirota and Takeda, 1978: Hone and Sakuratani, 1985) , Absorbed radiation was used instead of intercepted radiation.
These two are different, as Gallagher and Biscoe (1978) 
Measurements Global solar radiation on a horizontal surface was measured with an Eppley pyranometer (EKO MS42).
Tube-type pyranometers were placed on the ground as illustrated in Fig. 1 to measure the radiation transmitted through the canopy. Reflected radiation from a canopy surface was measured in 1986 by a Noshi-Denshi solarimeter or a tube-type pyranometer (EKO MS33) set upside down at a height of 0.7-1.0 m above the canopy surface.
Measuring the reflectivity of the soil surface beneath the canopy (r0) was impossible because the clumped distribution of leaves prevented the solarimeter from being set in the proper position. Then, the following empirical equation was used:
r0=L.rL+(1-L).rD (4) where rL and TD are the reflectivities of the completely wet and dry soil surface, respectively.L is the wet portion of the soil surface, which was determined by visual observation. The values of rL and rD were measured on a plot with no crop in 1986.
All solarimeters were connected to a data logger (EKO SOLAC-III) and the output was sampled at a 30-second interval by an on-line personal computer (NEC PC-98LT). Data were averaged over 30 minutes and recorded on a floppy disk. Care was taken to keep the solarimeters level and clean. At each test plot, three plants that showed average growth were sampled two or three times a week, then the middle size one was chosen and its leaf area (m2) was measured with a leaf area meter (Hayashi, AAC-400). Leaf area index (LAI) was determined by multiplying the leaf area by the average number of plants per 1.0 m2.
The coverage of a canopy (C) was determined by dividing the foliage width by the row spacing, assuming that there was no gap within the projected foliage area on the ground (this was nottrue and led to some error, as discussed later). Foliage width perpendicular to the row direction was measured two or three times a week in 1986 and 1987 by the apparatus illustrated in Fig. 2 (3)) is assumed:
and (2) gives the following simple equation: (9a) (9b) As shown in Fig. 5(a) , the calculated transmit tance from equations (9a, b) agreed well with the in Fig. 7 . Apparently ro affects r. Equation (5a, b) is verified in Fig. 8 by comparing calculated and actual canopy reflectivity. The best fit value of h in equation (5b) was 0.50. In  Fig. 8 , the calculated rs by equation (5a, b) using k (extinction coefficient, = 0.57, used in equation (9a)) instead of h are shown. They are nearly equal to those calculated using h, and the average difference was as small as 0.005. Therefore, r can be calculated using k instead of h. Lee (1990b) also showed that r is successfully estimated by equation (5a, b) with k on a photosynthetically active radiation basis. Consequently, the practical applicability of equation (7) is justified because the only assumption necessary to derive it is that h and k are equal. The combination of equation (7) and (9a, b) is quite useful for growth analysis and prediction. The value of rf is a constant that is considered to be specific to the variety. 
Appendix
As illustrated in Fig. A1 , the canopy of the model consists of two leaf layers resembling a soybean canopy when it is made up of two leaf layers, i. e., layers of the primary leaves andthe first leaves (cotyledons were neglected here). These leaves tend to be horizontal. Little overlap was observed within each layer. Calculation was conducted assuming that a canopy receives only the direct radiation incident perpendicular to the canopy surface.
According to Fig. A1 , the fraction of overlapping leaves between the two layers (D) is:
where T is the total leaf area in the canopy above a unit ground area (U), and P is the projected foliage area on the ground.
Coverage (C) and LAI are expressed as 
